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Correspondence. 
m .  ~ e r d n e r .  Mr. A. HEHDSER, of Paris,  referring  to  the  Author’s  allusion 

(p. 224) to  trials of regeneration  made  with  single-phase locomo- 
tives  on  the  Southern  Railway of France,  and  his  statement  that it 
had  hardly  yet passed the  experimental  stage  there, wished to  say 
that  the  administration of the  Southern  Railway  had  already come 
to a decision on  this  matter.  The  results  obtained  had  not been 
such as to  induce  them  to  apply  the  regenerative  principle  in new 
locomotives under  construction.  They  had concluded that  i ts  
possible advantages  in t.he matter of saving  electric energy-small 
in  any  event  where, as in  this case, the  current was  small-and 
reduced  wear of brake-blocks  and  tires,  did  not  compensate  for  the 
complication of the  equipment  and  the  danger  that  might  arise, 
especially on  steep  inclines,  which  were  numerous  on  the  Southern 
system,  from  abrupt  suppression of the  retarding  effort  in  the 
event of the  feeder  circuit  being  opened  suddenly. 

Nr. *,ydall. Mr. F. LYDALL considered the  Paper a  valuable  contribution 
to  the  theory of certain  features of electric locomotives. The 
interesting  theories  put  forward  were  evidently  the  result  of 
very  careful  study. As a whole,  however, in  his  opinion, the 
Paper  suffered  from an almost  entire  absence of comparison 
between  theory  and  practice,  particularly  in  the  two  sections 
which  dealt  with “ nosing ” and  with  the effect of driving 
through  side  rods.  Theories  were  valuable  in so far as they 
provided an  explanation of facts  and a means of predicting  the 
result of any  alteration  in  the  conditions of working. I n  this 
Paper  the  facts were not  prominent.  All  engineers who  had 
studied  the  subject  knew  quite well that  above  certain  speeds  and 
under  certain  conditions  electric  and  steam locomotives tended  to 
“nose.”  The  Author  put  forward a theory  to  account  for  this,  and 
produced  certain  mathematical  expressions  which  were  intended 
to  enable  an  engineer  to  determine  whether  the  nosing  in  any 
particular case  was likely  to  be excessive. The  question  immedi- 
ately  suggested  itself : how far did  these  expressions  fit  the  facts ? 
No reply  to  that  question could  be given  from R study of the  Paper. 
Consequently, the  student could not  tell  whether it was  safe to  rely 
on  the  theory, or  whether,  in  adopting it, he would be plunging 
into  the  unknown.  Incidentally,  in  regard  to  this  and  other 
matters, it *would have  been  much  better if the  Author  had  inserted 
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references  to  the  work of other  writers  on  the  same  subjects. For Air. Lydall. 
example, M. theory of nosing  resting  on  quite a different  basis 
had been worked out  by Mr. Alexanderson.’ According to this 
theory,  the cause of nosing was the  elastic  impact of the 
wheel-flange against  the rail. Beyond a certain  critical  speed, 
depending  on  the  inertia of the  truck  or  the locomotive, the 
energy of rebound  was  greater  than  the  energy of impact,  and 
nosing was set LIP and  tended  to become violent.  The  Author  might 
with  advantage  have  referred  to  this,  and  compared  the  results 
with  his own, even if he could not compare either  with  ascertained 
facts.  Personally,  and  speaking  without  having  had  any  oppor- 
tunity of studying  the  phenomenon  experimentally,  Mr.  Lydall 
regarded  the  Author’s  theory as the  better one. H e  could not  help 
thinking it rather a fanciful  idea  that  there  should  be an elastic 
impact  between  the flange and  the  rail,  bearing in mind  the  radius 
between  the  wheel-tread  and  the flange. If it was really because 
of the wheel riding  up  on  this  radius  that  the  nosing  motion was 
reversed,  then  the whole basis of Alexanderson’s  theory fell. H e  
thought  this  limitation of the nosing  ought  to  take a more promi- 
nent place in  the  Author’s  theory.  Perhaps  he would consider  the 
suggestion. Mr. Lydall would  also suggest that   the gyroscopic 
nction of the wheels and  axles should be  taken  into  account  in 
estimating  the  mass  and  the  moment of inertia.  The discussion of 
the difficulties experienced  in  the  use of side-rod  driving  for  electric 
locomotives  was not  very  clear. It was  not  easy  to  distinguish 
between  stresses caused by  vibration  and  stresses produced by  the 
torque of the  motor  and  the  reactions  between  the  various  shafts. 
The  Author seemed to  follow  Mr. Buchli’s analytical  metl~otl 
(referred  to  in  the  footnote  on p. 235) in  finding  the  variation of 
forces  in  the  side  rods, as shown by way of an example  in Figs. h‘ 
ancl 7. Mr.  Lydxll could not see that  this  analysis  had much 
bearing on the  muse of the  destructive  vibrations.  The  Author 
stated  that  the  pair of wheels and  their axle, the  side  rods  and the 
motor-armature  formed an  elastic  system  with a natural  frequency 
of the  order of 40 per second. Was this an experimental  fact 
ascertained  for  some  particular case, or a calculated  result, or 
merely a general  assumption ? I n  considering the whole matter 
of side-rod driving it seemed to  him  absolutely necessary to  
make  certain of the  experimental  facts  as  far as possible before 
going  very  far  with  mathematical  theories.  And in making 
this  statement  he  thought  regard  should be had  to  steam 
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3Ir. Lydall. locomotives as well as  to  electric locomotives. The  Author 
seemed to  think  that  the case of the  steam locomotive  could be 
disposed of by the  remark  that it contained  no  motor. It was of 
course clear  tha.t  the use of pistons which were  independent,  in 
place of a single  motor-armature  with  two  rigidly-connected  cranks, 
eliminated  the  possibility of trouble between the  pistons  and  the 
ftrst  driven  shaft.  Hut was there  not  the  same possibility of 
trouble  with  the coupled axles of a steam locomotive as with 
the  jack-shaft  and  driving-axle of an electric locomotive ? I n  
both cases bearing-clearances a,nd crank-positions  had  to be 
properly looked after,  or  trouble would ensue.  Long  coupling- 
rods  gave  rise  to  less  tendency of t,he axle-boxes to  bind  in  the 
axle-box guides, but  this was only a matter of degree as between 
steam  and  electric locomotives, and  not a fundamental  distinction. 
After  all,  there were steam locomotives with  short  side  rods which 
did not give trouble. a p a r t  from  the difficulty of explaining why 
wrioas  vibrations occurred  on electric locomotives  which  were not 
noticed  on  steam locomotives, there was the  general haziness as to 
precisely what  had  happened  with  electric locomotives. It was 
only  known in quite n general way that  in some cases snfiicient 
vibration  had occurred to  render  the locomotive practically useless, 
and  that  in  other cases various  parts  had been fractured ; but  this 
was quite insufficient to  form  the basis of a general  theory. To a 
certain  extent  the  stresses caused by the  various  bearing-pressures 
and  the  torsion  stresses  in  the  various  shafts could be calculated 
and  the  corresponding  parts  designed t)o suit.  But it was almost 
impossible to  calculate  the  stresses  that  might be set  up  due  to  the 
springing of the locomotive framework as the locomotive trwelled 
along an ordinary rai1wa.y-track. H e  was convinced that  in a 
number of cases this  springing was the cause of such trouble as had 
been experienced.  This  applied especially to locomotives in which 
the  connecting-rods  between  the  motor-shaft  and  the  jack-shaft were 
neither  horizontal  nor  vertical. I n  such cases springing of the  frame 
tended  to  lengthen  or  shorten  the  distance between the  centres of the 
jack-shaft  and  the  armature-shaft, which would obviously give  rise 
to  trouble.  This would provide an  explanation of the f ac t  that  the 
2 - R 1  (4-4-2) locomotive on the  Dessau-Bitterfeld  railway,  in 
which the  connecting-rods were vertical,  and in which, therefore, 
the  conditions  as  to  jack-shaft  bearing-pressure  were  worst, proved 
itself in practice an excellent  machine  (after  one  breakage,  attribu- 
table  to  faulty  construction). In   th i s  case any  springing of the 
frame would not affect the  relation between the  motor  and  the 
jack-shaft. It would be remembered that  this loconlotivo occasion- 
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: d y  r:m at 80 to 83 miles  par hour. It would seem,  therefore, that  nIr. L y d ~ l l .  

with it single  nlotor  driving  one or more  driving-axles a perfectly 
satisfactory  side-rod  electric locomotive  could  be built, provided the 
framework WAS suficiently  rigid.  Some  designs would require  less 
rigidity t h m  others ; others,  again,  might  need  such  rigidity as to 
be  impracticable.  There still remained  the locomotive in  which a 
pair of large  motors  were  connected  together  by  side  rods or Scotch 
yokes. Exactly  what  had  been  the  experience  with  locomotives of 
t l ~ i s  class veiy few  people really  knew. But  sufficient  was known 
to  make  one  very  unwilling  to  have  anything  to do with a design 
containing  this  particular  feature.  The figures and  curves  in  the 
Paper  relttting  to  tractive  resistance  were  very  interesting.  They 
would  be  more  valuable if the  Author would say whether  the 
weights  mentioned  on p. 243 were  English or American  tons,  and 
whether  all  the  tests  were  made  in  calm  weather, or the influence 
of wind  had  been  eliminated  before  the  results  contained in  Figs. 
20-13 were  found. He  stated  thqt  the  results of these  tests  had 
already been  published in  the usual  form : a reference to  this 
original  publication would  be useful. An  examination of the 
results  shown in Figs. 12 and 13 led to  surprising conclusions. 
Thus,  assuming a fairly  short  train,  consisting of X locomotive with 
four coaches, the  tractive  resistance at 60 miles  per  hour  was 
1,300 + 4 X 340 = 2,660 lbs. The  train-weight  was 90.7 + 
4 X 26.2 = 195.5 tons, so that  the  tractive  resistance was about 
13 * 3 lbs. per  ton.  For  this  speed  this was a much  lower  figure 
than was usually  considered  probable,  whether  the  train-weight 
was in  English  or  American  tons.  Still  more  surprising was the 
tractive  resistance of the locomotive  alone at the same  speed, 
namely, 1,300 90 .7  = 14.3 lbs.  per  ton. If calculated  by 
formulas  generally  used in  this  country,  the  tractive  resistance at 
this  speed would  be more  like 24 lbs.  per  ton. H e  could not help 
thinking  that some numerical  error had crept  into  the  Author's 
cnlculations, and  he would  be glad  to be  reassured  on that  point. 

views on the  different  systems of transmitting  the power from  the 
motors to  the  axles  in  electric locomotives, stated  that at the  time 
when  the  war  broke  out  the  engineers of the Paris-Lyons- 
Mediterranean  Railway  were  studying  the  question of the electrifi- 
cation of one of the  lines of that  system, and  his electrical staff had 
drawn  up a scheme  for  electric locomotives of 2,000 HP. in which the 
power  was transmitted  to  the  axles  by  an  entirely new  system,' the 

Mr. L. M A R ~ X H A L  of Paris, who  agreed  entirely  with  the  Author's >1r. uwt;c id .  

_~____. . - 

1 1;rencll Patent So. 465:500, 29 Noveml~er, 1913. 
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Mhlr.Idlnrecha1. purpose of which was to  obviate  the diiliculties referred  to by the 
Author. Fig. 33 represented  one-half of an electric locomotive for 
steep  gradients,  consisting of two  symmetrical  half-units  articulated 
in  the  Mallet  fashion,  each  half-unit  being  mounted on three 
driving-axles  and  one  radial axle. The power of the  single  motor 
M WRS transmitted,  through  the  jack-shaft J, to  the  driving-wheels, 
by the mechanism  shown in  the  Figure,  the  cylinder C (on each 
side of the  engine)  being filled with compressed air, connected 
with a reservoir of compressed air, ant1 fitted  with n clistribntor, l)! 
worked by the  cwss-head of the  corresponding  piston by means of 
a system of >mall connecting-rods, ~1,:411ged so that t.hr compressed 

I F E E T 7  , , , , 
Scale: I Inch-8 Feet 

5 !P 
. - - L A  l5 FEET 

air  tended  always  to  keep  the  piston  in  the  middle of the  cylinder, 
exerting  upon it a force varying  according  to its displacement 
from  the  mean  position.  The power of the  motors was thus 
transmitted  to  the  driving-axles  through R point which was not 
rigidly fixed but was  capable of slight  displacement  about its mean 
position, and  with  this  elastic  system  the  connecting-rods  and 
other  parts were only  subjected  to  moderate stresses. Further, 
uscillations of the locomotive-axles due  to  irregularity of the  track 
were not  transmitted  to  the electric motor,  the shocks  being 
:~bsorbed by small  displacements of the  pistons  in  the  cylinders 
of compressed air. 
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Mr. H. E. O’BRIEN observed that the  Paper,  admirably complete 111.. o Brim. 

in some senses, left  the  average rai1wa.y-engineer who read it with 
it sense of incompleteness ; it gave  much food for thought,  but 
helped little  towards  the  formation of any  definite  opinions as 
to  either  the  most  suitable locomotive at  the  present  time, or the 
line of development in  the  future.  While  the rBle which the electric 
locomotive  was to fill on  English  railways was rather  nebulous,  one 
or two  salient  requirements of design seemed to  be clearly defined. 
The  centre of gravity  must  be  high,  on  account of the  severe  rail- 
wear on  curves  when it was low, though  the  Author seemed to 
dispute  this.  The  un-springborne  weight  must be a minimum ; 
the  design  must  be  simple,  and  not involve  complicated linkages of 
mechanisms ; high-speed  motors  must be used, or  the  capital cost 
became prohibitive. It would seem that  these  requirements were 
incompatible  with  any  design described in  the  Paper,  and  that  they 
cwdd  only  be  met  by a design which broadly comprised a high- 
speed motor  with a vertical  axis,  driving,  through a splined  sliding 
sleeve and a universal  joint, a worm or helical gear  on  the  road- 
wheel ; the  casing of the  worm-gear  containing or being combined 
with  the axle-box in  such a manner  that  the  torque was taken  up 
on  the horn-block faces, which, to  reduce wear to a minimum, would 
naturally  have  to be of generous  dimensions.  Unfortunately, a t  
present  little  was  known  about  the design and efficiency of 
universal  joints  for  the  transmission of comparatively  large powers, 
and  unfortunate  experiences  with  small powers on  motor-car  cardan 
shafts  had  created an atmosphere of prejudice.  The  design  out- 
lined, however, would easily  permit of generous forced lubrication 
to  both telescopic  sleeve and  universal  joint,  and  unhoped-for 
favourable  results  might be obtained,  though  the  initial  experi- 
ments would undoubtedly be costly. Such a system,  among  other 
things, would permit  the  repairs  to wheels and  axles  to be 
cimried out  independently of those  to  the  motors.  Where speeds 
were  low and  there were not  many  very  sharp  curves  the 
nose-suspended spur-geared motor-bogie type of locomotive, such 
as was  employed on  the new North  Eastern  Railway electrifica- 
tion,  was  likely  to  hold  the field against  all  other designs. In a 
design which had  been  tried in this  country  and promised to  have 
some measure of success if developed for  certain classes of work 
the  motors  were  mounted in pairs,  staggered  with  reference  to 
the  centre-line of the  rails; each motor of a pair  geared into 
a spur wheel on a jack-shaft,  the  jack-shaft  being  arranged so 
ns to be horizontally in  line  with  the  axles of the coupled wheels, 
and carrying on  each end  an  external  crank  and  crank-pin 
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Mr. (>'tjrwn. wllich wits coupled to the  driving-wheels by side rotis. The 
application of this tyl'e,  however, was limited.  The  Author's 
remarks  on  regeneratlion were sound ;mcl to the  point,  and 
emphasized the  undesirability of applying  this  system  to  the COIL- 

ditions of suburban traffic, where  keeping  down  the  weight of the 
rolling  stock  to a minimum  was of first  importance. If electric 
locomotives  were to  find a sphere of usefulness in  Great  Britain, it 
would certainly  be  on  mineral-lines,  having  long  hauls  on heavy 
gradients,  and  the use of regeneration  under  these circumstances 
would be a considerable factor  in  the success of the whole. It was 
to be hoped that   a t  a later  date  the  Author would write a continua- 
tion of the  present  Paper,  in which he would discuss types  with 
reference  to  the  services  to  be  performed, as well as the financial 
consideration involved in the  substitution of the electric for  the 
steam locomotive, these  considerations being, after  all,  those most 
important  to  the  engineers  as well as  to  the  railway  shareholders. 

~ r . T u r n e r .  Mr. P. W. TURNER  agreed  with  the  Author  that  the  great 
natural resources and  geographical  configuration of the  United 
Kingdom  had combined to  postpone  the electrification of many 
steam railways,  which could with  advantage be electrified.  These 
resources  had  always  tended  to  retard economical development in 
ulany  other  industrial  undertakings in this  country, compared with 
the progress made by less favoured  countries  abroad.  The  steam 
locomotive, even of the  latest improved  compound superheater  type, 
on  account of having  to  work  non-condensing,  the  intermittent 
nature of the load, hand, firing of the boilers, etc., could not  attain 
a mucl1 better level  of  coal-consumption than 4 lbs. per  effective 
drawbar  horse-power-hour  over  the day's work ; wllilst in  the case 
of the  electric locomotive, run  from a large  modern  power-station, 
the cottl-consumption. for  the  same  duty would not exceed 2 lbs. per 
erective  horse-power-hour,  allowing  for  all losses in transmission, 
etc. This  saving of 50 per  cent. in the  coal-consumption would 
represent 7 million tons of coal per  annum  to  the  British railways. 
Further, an electric locomotive was only  about one-half the  weight 
of a steam locomotive, for  the  same  duty:  the  72-ton  electric 
locomotive on the  Butte-Anaconda  line, as mentioned in  Mr. 
Hobart's " Jamex  Forrest " Lecture,l 1915, was hauling  the same 
trains on the  same schedule as the  former  142-ton  steam loco- 
motive;  and in another  instance an  %-ton  electric locornckivt! 
was performing  the  same  duty a.s a l86-ton Pacific type locomotive. 
The :tdditionnl 100 tons dead weight,  hauled ttn nnnu:~l  clistmce 

~- ~ -.~ . .-~ .~ .. 

' Bute ,  p .  133. 
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o f ,  hi~y, 43,000 miles, I I I ~ ; L : I ~  4,500,000 ton-miles extra. per annurn, m .  ‘I’urnur. 
w l ~ i c l ~  at  0.1 lb. per t,on-mile in it steam locoruotive equalled an 
extra co~tl-consul::l)tiorI of 200 tons  per  annum  per locomotive. 
Reverting  to  the  Paper,  the  information  regarding  the effect of the 
number of coaches upon the  train-resistance  was  interesting  and 
instructive.  High-class  six-wheel bogie-saloon coaches, such as 
were in  use  on  many  Continental  and  American  railways,  required 
ouly 7 lbs. per  ton at 40 miles per  hour,  as  against 10 lbs. per  ton 
for  the  four-wheel bogie coaches mentioned in  the  Paper,  and 
15 lbs. per  ton  tractive  resistance  for  the  London,  Brighton  and 
South Coast four-wheel bogie motor-coaches mentioned  in  Mr. 
Philip Dawson’s Paper.’ These figures  showed the influence  of 
expensive  but  more scientific design of rolling  stock  on  the coal- 
consumption.  For  steady  running of the  electric locomotive i t  
was  important  to  have  relatively highly-placed masses, which 
prevented  the  side  thrust  on  the  rails so injurious  to  the  permanent 
way and  the flanges of the wheels when  taking  the curves. This 
desired  raising of the  centre of gravity of the locomotive could be 
obtained  equallyas well with  the  geared  motors  as  with  the side-rod 
motor-driven locomotive, by placing the  geared  motors above the 
axles. This  had been done in several well-known cases with 
satisfactory  results. A four-motor  equipment  had  the  advantage 
of weight, price, and  eficiency over a single-motor drive. In 
addition,  arrangements could be made  in  the  controller so that one 
or  two of the  motors could be cut  out of circuit  in case of accident, 
tllus increasing  the  reliability of such a locomotive in service. The 
urliformity of torque  in  the  geared locomotive  was  also ~1 great 
:tclv:mtage compared with  the  side-rod locomotive. The efficiericy 
of the  gear was 95 per cent., whereas that of the  connecting-rod 
was not  more  than  90  per  cent.  With  regard  to  the  design of 
the  side-rod locomotive, one of the  largest  Continental  makers 
attributed  the chief cause of failure of this  type  to  the  vertical 
arrangement of the  driving-rod.  With  this  arrangement of drive 
the  side  rods  were at their  dead-centre  position  just  when  the 
coupling-rods  on  the  same  side  had  to  exert  the  maximum  tractive 
effort ; thus a rapidly  pulsating  torque  had  to  be  transmitted  by 
the  jack-shaft  first  in  one  direction  and  then  the  other,  and  in 
consequence the  jack-shaft  must be made  very stiff. Further,  as 
mentioned  in  the  Paper,  these  vertical  side  rods  in some of the 
earlier locomotives had  to  take  the  stresses caused by the  natural 
period of vibration of the  connected  elastic  system, conlposetl 

‘ Mirlulev of Proceedingn h u t .  C.E., vol. clxrxvi, p. 1. 
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Air. Turner. of the  motor-armature  and  shaft  on  the t,op, and  the  jack-shaft, 
couplings, and wheels at the  bottom ; and  in  the case of a 
vertical  side-rod  arrangement  such  stresses  might easily exceed 
the  elastic  limit of the  material,  producing  fracture  after a 
short period of service. By  arranging  the  two  side  cranks 80 

that  they  formed an angle of 45“ with  the  horizontal, a much 
more  favourable  distribution of the  stresses in the  jack-shaft was 
obtained, owing to  the fact  that  only a small  part of the  torque 
had  to be transmitted  from  one  end of the  jack-shaft  to  the othel. 
compared with  the case of vertical  arrangement of the  side rod. 
Also these  inclined-drive  rods would not, have  to  withstand  to  the 
same  extent  the  stresses produced by  the  elastic  system previously 
referred  to. I n  order  to  relieve  the  side  rods of these  abnormal 
stresses,  and also to  ensure a permanent  parallel  position of the 
motor-shaft  and  the  jack-shaft, it was always  advisable  to  have 
two  non-elastic  cast-steel  struts  (one at each side)  rigidly bolted to 
the  frame  carrying  the  motor  bearings  and  the  jack-shaft  bearings. 
For a mountainous-district  railway,  or  for a rapid  suburban passenger 
service, a regenerative  braking  system was very  advantageous; 
but  although it was mentioned  in  the  Paper  that  regenerative 
braking  had  been employed in certain of the American electrified 
railways,  no particulars of the  method employed and its results 
1md yet been given.  One of the  large  Continental  manufacturers 
had  applied a Ward-Leonartl  motor-generator  set  to  an  ordinary 
series-parallel double-motor  equipment,  and it was possible to 
regenerate,  in  stopping, 30 per  cent. of the  energy consumed in 
accelerating ; with  the  net  result  that  nearly 20 per cent. less energy 
was used by  this  equipment in service compared  with  the  original 
arrangement. No mention was made in  the  Paper of the effect of 
forced ventilation  upon  the  rating of the  motor  equipment;  this 
effect was  very  marked,  and forced  Ventilation  would no doubt  be 
the  general  practice  in  the  future. I n  one case the  motor  rating 
had been  increased 50 per  cent.  by  this  simple  expedient.  With 
geared  direct-current locomotives i t  was usually necessary to  carry 
ballast  on  the locomotives to  secure  the necessary adhesion,  and 
with  the  forced-ventilation  motor  equipments above referred t o  
provision  must  be  made  for  carrying a much  larger  quantity of 
ballast, part of which might  take  the  form of a high-speed  Ward- 
Leonard  motor-booster  set so as  to allow regenerative  braking 
and  smooth  acceleration. 

~ 1 1 e  -4atilor. The  AUTHOR,  in  reply,  expressed  his  indebtedness  to  Mr.  Herdner 
for  the  information  concerning  the  discontinuance of regenerative 
control  by  the  Southern  Railway of France.  With  regard to 
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Mr. Lyddl’s  criticism,  that  the  Paper  suffered  from  an  absence of T h e  h t h w  

comparison  between  theory  and  practice,  he would say that  he had 
considered i t  inadvisable to  particularize  where  criticism  might be 
construed  as  reflection on a particular  maker  or  designer.  The 
facts, if not  explicitly  stated,  were  contained  implicitly  in  the 
Paper. H e  would refer  Mr.  Lydall  to  his  reply  to  Mr.  Merz, 
in the Discussion, as evidence that  the  theory of unstable  running 
which he had  advanced was generally  in accord with  the  facts, 
:tlthough  he  hardly  felt at liberty  to divulge other  particular 
information  on  the  subject  to  which  he  had access. With regard 
to  the work of other  writers  on  this  intricnte  subject,  he  had 
had  neither  time  nor  opportunity  for  making a rigorous  search, 
but such  as  he  had  made had disclosed nothing beyond the 
suggestive  article  by  Mr.  Alexanderson  referred  to by Mr. 
Lydall. H e  had  given  very  careful  study  to  this  article, :tnd 
had satisfied himself that  the  theory it propounded  did not accord 
with  established  dynamical  principles ; that ,   in fact, if the  action 
commenced it would not be  sustained,  but would dissipate  itself  in 
friction ; he  had  accordingly not considered it necessary to  refer 
to Mr.  Alexanderson’s  article. The discussion of vibration in  side- 
rod locomotives  was  a  general one;  there  appeared  to  be  little 
doubt  that  part,  at  least, of the effect was due  to resonance  between 
:L natural period and a forced vibration,  and  he  had  endeavoured  to 
trace  the  exciting cause. The  natural  frequency  mentioned  as of 
the  order of 40 per second  was an  estimate  derived  from  the 
drawings of n locomotive, and was only  intended  as a round  figure. 
l i e  considered the  steam locomotive less likely to  give  trouble  than 
tfhe  electric  locomotive,  for  reasons  that  Mr.  Lydall  indicated  quite 
clearly. H e  believed,  however, that  vibration  in  the  side  rods of 
steam-engines was by no  means  uncommon, and  that  fracture of 
these  rods or of their  pins was not  unknown.  This  vibration  might 
be  caused  by a component  force  along the  rod  having  twice  the 
natural  frequency of its  transverse  vibration.  With  regard  to  the 
discussion of tractive  resistance,  the  weights  given  on p. 243, and  in 
fact  throughout  the  Paper, were  expressed in  English  tons ; he  did 
not consider the  results  unusual,  considering  the  weight of the coaches 
and of the locomotive  employed. The  results  referred  to  on p. 242 
as  having  been  published in  the usual  form  were to  be found  in  the 
“ Standard  Handbook  for  Electric4  Engineers.”’  The  locomotive 
described by Mr.  Markchal  was  certainly an  interesting  attempt  to 
evade the  troubles  attending  side-rod  driving,  and  he  hoped  the  results 
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1 1 1 ~  -iutl lol .  of m y  experience  with that  type would be n~ade  public. Mr. O’Hrien 
was bold in  advocating so radical :L departure  from  eshblished 
practice as n loconlotive driving  through a uuiversd  joint aut1 
worn1 gearing.  The  Author  did  not  know  whether  tllis  particular 
arrangement  had been  considered, but  knew well that  many devices 
and modifications of which the  public  were  never  informed  had 
been studied  and  even  constructed by those  interested.  The 
present  methods of electric  driving  were in  fact, for the  most  part, 
the  results of evolution  and  not of imitation,  and would in the long 
run usually  stand its having  the  fewest  objectionable  limitationx. 

I .  

25 January, 1916. 

ALEXANDER ROSS, President, 
in  the  Chair. 

The discussion  on Mr. F. W. Carter’s  Paper, “The  Electric 
Locomotive,” was continued  and concluded. 
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